The neurobiological relationship between schizophrenia and psychotic mood disorders is not well understood. Neurocognitive deficits have been described in both types of disorders and have been proposed to reflect underlying neurobiological dysfunction. Examining the relationship between neurocognitive function and psychopathology could help illuminate the neurobiological relationship between schizophrenia and psychotic mood disorders.
Introduction
A major issue facing the developers of the DSM-V and a topic of considerable debate in the literature is whether individuals with schizophrenia (SCZ) or psychotic mood disorders (PMD) are separate and distinct disorders, or whether they occur on a "psychosis" continuum (e.g., Allardyce et al., 2007) . Some experts define this continuum as a spectrum of psychotic disorders with mood disorders, such as bipolar disorder with psychotic features (BDP), on one pole and schizophrenia (SCZ) on the other pole with schizoaffective disorder (SA) in the middle (e.g., Lake & Hurwitz, 2007; Kempf et al., 2005) . Support for this view is based on reports of increased genetic risk for the continuum of disorders among first-degree relatives of SCZ, SA, and BDP. For instance, when compared to controls, the risk for bipolar disorder is higher in the relatives of SCZ and SA, the risk of schizophrenia is higher in the relatives of BDP and SA, and the risk of schizoaffective disorder is higher in the relatives of BDP and SCZ (Valles et al., 2000; Kendler et al., 1998; Rice et al., 1987; Tsuang et al., 1980) . Linkage studies also suggest that the genes related to the risk of developing SCZ, SA, and BDP may be similar (e.g., Potash, 2006; Hamshere et al., 2005) .
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The question of whether PMD, such as SA or BDP, are on the same continuum as schizophrenia has also been addressed by examining the severity of neurocognitive deficits and clinical symptoms across the disorders. Prior research has found several similarities between SCZ and PMD. For instance SA and SCZ had similar deficits in neurocognitive performance on individual tasks measuring working memory, executive functioning, and intelligence (e.g., Gooding & Tallent, 2002; Reichenberg et al., 2002) . Similarly, SCZ and BDP had similar performance deficits on working memory tasks (Glahn et al., 2006) . Also, although Heinrichs and colleagues (2008) found differences between SCZ and SA on specific neurocognitive tests, they concluded that these differences were of insufficient magnitudes to validate two distinguishable disorders. However, few studies compared neurocognitive domain scores between SCZ and PMD (Evans et al., 1999) . Additional research is needed to compare the performance of PMD to SCZ with respect to neurocognitive domains, which may be more reliable and robust than scores from individual tests.
Studies comparing the psychopathology of SCZ to PMD indicated that the clinical boundaries between these disorders remain unclear. For instance, some studies found that SCZ, SA, and BDP had similar levels of negative symptoms (Evans et al., 1999; Cuesta & Peralta, 1995) , while others did not share this finding (Peralta & Cuesta, 2008; Kendler et al., 1995) . The extent of positive and disorganized symptoms among SCZ, SA, and BDP also remains unclear. For instance, Peralta and Cuesta (2008) found that measures of psychosis and disorganization in SA were intermediate between SCZ and BDP, while Evans and colleagues (1999) reported that SCZ scored higher than PMD on measures of positive symptoms. Others found them to have similar ratings on positive (Cuesta & Peralta, 1995; Kendler et al., 1995) and disorganized symptoms (Cuesta & Peralta, 1995) . It is possible that these findings were mixed given that few groups used the same methods to assess psychopathology. Thus, our study will use standardized measures to assess psychopathology in SCZ and PMD.
Although existing research has examined the relationships between neurocognitive deficits and psychopathology within SCZ, research has yet to examine how these relationships might vary across different psychotic disorders. Prior research suggests that the domains of psychopathology in SCZ show various relationships to neurocognitive function (e.g., Basso et al., 1998) . For example, research on SCZ suggests that positive symptoms show little relationship to neurocognitive function (e.g., Nieuwenstein et al., 2001) , while disorganized symptoms have been consistently related to impairments in working memory, executive function and episodic memory (e.g., Bozikas et al., 2004; Cameron et al., 2002) . Findings for negative symptoms are mixed, but a number of studies suggest a relationship between negative symptoms and deficits in working memory, executive function and episodic memory (e.g., Nieuwenstein et al., 2001; Palmer & Heaton, 2000) . Understanding whether psychopathology and neurocognitive deficits are similarly related among SCZ and PMD will inform theories of diagnosis, psychopharmacologic treatment, and illness pathophysiology. Thus, it is necessary to examine whether the pattern of relationships between neurocognitive deficits and psychopathology is similar between SCZ and PMD.
In the present study, we examined whether individuals with schizophrenia differ from individuals with psychotic mood disorders with respect to [1] the type and severity of neurocognitive deficits, [2] level of psychopathology, and [3] the relationship between neurocognitive function and psychopathology.
Methods

Participants
Participants included 72 individuals with schizophrenia (SCZ), 72 community controls (CON), and 25 individuals with psychotic mood disorders (PMD), including schizoaffective disorder (n = 18: bipolar subtype (n = 10), depressive subtype (n = 8)) and bipolar disorder with psychotic features (n = 7). We recomputed all study analyses using the participants with schizoaffective disorder (n = 18) for the comparison group (data not shown). All of the same findings were significant and in the same direction as the total PMD sample (n = 25). Thus, we elected to use the larger sample for this study to maximize statistical power.
All groups were similar on age, gender, race, and parental socioeconomic status. SCZ and PMD were psychiatrically stable and recruited from a St. Louis metropolitan psychiatric center and its outpatient clinics. CON were recruited through local advertisements. All subjects gave written informed consent for participation after the study's risks and benefits were explained to them. Participants were excluded to avoid biasing results if they had: an unstable medical condition, a neurological disorder, a head injury with loss of consciousness (at any point in lifetime), or substance abuse or dependence in the three months preceding the study. CON were also excluded if they had a first-degree relative with a psychotic disorder.
Measures
All participants were assessed by Master's or Doctoral clinicians, blind to the diagnosis of the participant, who regularly participated in training and reliability sessions. DSM-IV Axis I diagnoses of each participant were determined by the consensus of a research psychiatrist and trained research clinicians who used the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID) (First et al., 2002) . The participants' age of illness onset (operationalized as first appearance of psychotic symptoms) was assessed using self-report.
Participants completed a battery of neuropsychological tests. Based on prior research (Nuechterlein et al., 2004) , we converted raw scores from the neuropsychological tests into standardized scores (based on current sample) for four domains: crystallized IQ, working memory, episodic memory, and executive functioning. Crystallized IQ was based on a single scaled variable measuring vocabulary from the Wechsler Adult Intelligence Scale-Third Edition (WAIS-III) (Wechsler, 1997a) . Working memory was a sum of scaled scores on letter-numbering sequencing, spatial span, and digit span, subtests from the Wechsler Memory Scales-Third edition (WMS-III) (Wechsler, 1997b) , and the four-item d' score from the continuous performance task . Episodic memory was a sum of scaled scores from the WMS-III subtests on immediate recall of family pictures and logical memory (Wechsler, 1997b) . Executive function included the time to completion on Trails B (Reitan & Wolfson, 1985) , the number of novel words generated on the category and verbal fluency tasks (Benton et al., 1976) , a scaled score on the matrix reasoning subtest from the WAIS-III (Wechsler, 1997a) , and the score for perseverative errors (reversed in sign) from the Wisconsin Card Sort Test (Heaton, 2003) .
Psychopathology (i.e., positive, negative, disorganized symptoms) was assessed using global ratings from the Scale for the Assessment of Positive Symptoms (SAPS: Andreasen, 1983a ) and the Scale for the Assessment of Negative Symptoms (SANS: Andreasen, 1983b ). All ratings were z-scored using the mean and standard deviation of the current sample and averaged within symptom clusters. The positive symptom cluster included the SAPS global ratings of hallucinations and delusions. The negative symptom cluster included the SANS global ratings of affective flattening, alogia, anhedonia, and avolition. The disorganized symptom cluster included the SAPS global ratings of positive formal thought disorder and bizarre behavior, and the SANS global rating of attention (Andreasen et al., 1995) .
Data Analyses
An ANOVA was used to estimate the main effect of group status on the domains of neurocognition and psychopathology, and generate effect sizes. Levene's test of homogeneity of variance was conducted given that bias in sample size increases the probability of violating normality and homogeneity of variances. A Welch variance weighted ANOVA was used when unequal variances were present.
Pairwise comparisons between groups were conducted with a Bonferroni (with equal variances) or Tamhane (with unequal variances) correction for multiple comparisons when a significant main effect was present. Pearson correlations were computed to examine the relationships between the domains of neurocognition and psychopathology. Statistical differences in r between SCZ and PMD were estimated using Fisher's r-to-Z transformation (Cohen & Cohen, 1983 ). Fisher's r-to-Z transformation converts the difference between Pearson's correlations to a standardized Z score from the normal distribution.
Results
SCZ and PMD had similar ages of illness onset, while drug and alcohol use disorders were more prevalent in PMD. Specifically, they had a significantly higher lifetime prevalence of an alcohol use disorder. PMD also showed a trend for higher rates of a lifetime prevalence of cocaine or stimulant use disorders (Table 1) .
We found unequal variances in the main effect of group status on positive (F = 15.6, p b .001) and negative symptoms (F = 6.6, p = .002) and executive functioning (F = 3.5, p = .034). Thus, the Welch ANOVA was used to test the effect of group status on these dimensions. Overall, we found that the main effects of group status on the domains of psychopathology and neurocognitive functioning were statistically significant ( Table 2 ). Upon examining the pairwise comparisons, SCZ (MD = 1.08, p b .001) and PMD (MD = .85, p = .001) had higher positive symptoms than CON. SCZ (MD = .76, p = .001) and PMD (MD = .77, p = .004) also had higher disorganized symptoms than CON. PMD were found to have levels of negative symptoms that were intermediate between SCZ (MD = −.41, p = .012) and CON (MD = .70, p b .001). SCZ also had higher levels of negative symptoms than CON (MD = 1.11, p b .001).
We found that there were no differences between SCZ and PMD with respect to working memory (MD = −.22, p = .545), episodic memory (MD = −.13, p = 1.0), and executive functioning (MD = −.14, p = 1.0). SCZ and PMD were lower than CON on working memory ( Crystallized IQ was found to be higher in PMD (MD = .56, p = .013) and CON (MD = .95, p = b.001) when compared to SCZ (Table 2) . A moderate effect size of group status (all three groups) on episodic memory was present (η p 2 = .49), while small effect sizes were present for the remaining domains (ranging from η p 2 =.12 to η p 2 = .27). Furthermore, small effect sizes were also found when comparing SCZ to PMD (ranging from η p 2 =.00 to η p 2 =.08) ( Table 2 ).
Given that negative symptoms differed significantly between SCZ and PMD, we conducted a post hoc analysis of the ratings of negative symptoms between groups to better understand why PMD were intermediate between SCZ and CON on this domain (Fig. 1) . We found a significant group effect on affective flattening (F 2,110 = 14.95, p b .001), alogia (F 2,110 =9.43, p b .001), avolition (F 2,110 =10.00, pb .001), and anhedonia (F 2,110 = 7.74, p = .001). Among the Bonferroni-corrected pairwise comparisons, we found that PMD were lower than SCZ (MD= −.81 SE = .24, p= .003) and similar to CON (MD = 0.68 SE = .35, p=.158) on the rating of affective flattening. Also, PMD were lower than SCZ (MD = −.71 SE = .24, p= .009) and similar to CON with respect to alogia (MD = 0.40 SE = .35, p = .26). SCZ and PMD displayed similar levels of avolition (MD = −.22 SE = .30, p=1.0) and anhedonia (MD = −.38 SE = .31, p = .730), which were significantly higher than CON (MD= 1.7 SE = 0.4, pb .000; MD= 1.5 SE = 0.4, p =.002; respectively) ( Fig. 1) .
SCZ and PMD demonstrated relationships between negative symptoms and several neurocognitive domains (working memory, episodic memory, and executive function) that were similar in magnitude (in some cases somewhat larger), though the significance was less in PMD in some cases, due in part to their smaller sample size (Table 3) . Further, Fisher's r-to-Z transformations did not indicate any significant differences between SCZ and PMD in the magnitude of these correlations between negative symptoms and neurocognitive function. SCZ also demonstrated significant inverse correlations between disorganization symptoms and working memory, episodic memory, executive function and crystallized IQ. Although these correlations were in the same direction in PMD, none of them were significant and they were consistently smaller in magnitude. Fisher's r-to-Z transformation analyses did not reveal significant group differences in the magnitude of these correlations.
Discussion
Our findings suggest that SCZ and PMD share several similarities, including age of illness onset, severity of neurocognitive deficits, and severity of psychopathology. We also found that PMD had higher levels of a prior alcohol or a cocaine use disorder when compared to SCZ. The differences in rates of substance use disorder among PMD could be explained by the greater risk for a comorbid substance use disorder in individuals with a mood disorder (Compton et al., 2007) .
SCZ and PMD scored similarly (with small effect sizes) in working memory, episodic memory, and executive functioning, with both groups showing significant impairments when compared to CON. Thus, our findings are consistent with previous work indicating that SCZ and PMD had similar deficits in neurocognitive performance (e.g., Glahn et al., 2006; Gooding & Tallent, 2002; Reichenberg et al., 2002) . Additionally, given that our domains of working memory, episodic memory and executive functioning reflect multiple component processes; our findings may be more reliable than those of prior research. Furthermore, our results support Heinrichs and colleagues' (2008) conclusion that schizophrenia and schizoaffective disorder may not be neuropsychologically distinguishable, and the work of Schretlen and colleagues (2007) which suggested that schizophrenia and bipolar disorder (75% of their sample had a history of psychotic symptoms) may share qualitatively similar neurocognitive deficits, although these deficits are more severe in schizophrenia. The one domain of neurocognition in which we found differences between SCZ and PMD were in crystallized IQ, with PMD scoring significantly higher than SCZ. This result cannot be explained by differences in age of onset or parental SES, as these were similar across groups. It is possible that this difference in crystallized IQ reflects variation in the degree of premorbid neurocognitive impairment, with a greater level in SCZ. Further work in prodromal or at-risk populations will be needed to examine this issue. SCZ and PMD also had similar levels of positive and disorganized symptomatology (with small effect sizes). These results are consistent with prior research suggesting that individuals with schizophrenia and schizoaffective disorder had similar ratings of hallucinations and delusions (Cuesta & Peralta, 1995; Kendler et al., 1995) , and positive formal thought disorder (Cuesta & Peralta, 1995) . We also found that PMD had levels of negative symptomatology that were lower than SCZ and higher than CON. This is consistent with prior research indicating that individuals with schizoaffective disorder had lower levels of negative symptoms than SCZ (Kendler et al., 1995) . Upon further analysis we found that PMD were similar to SCZ, but different from CON, on ratings of anhedonia and avolition. However, PMD were similar to CON with respect to alogia, a negative symptom reflecting poverty of speech, and affective flattening. This finding is consistent with the work of Fennig and colleagues (1996) who indicated that higher levels of alogia were specific to schizophrenia when compared to other psychotic disorders. This finding is also consistent with the diagnoses of bipolar or schizoaffective disorder, which are typically associated with elevated or depressed moods rather than affective flattening. Our findings were similar to other studies using the SANS or SAPS (Cuesta & Peralta, 1995; Kendler et al., 1995) , thus, the use of alternate measures of psychopathology may explain the quantitative differences that have previously been found between these groups (Peralta & Cuesta, 2008; Evans et al., 1999) .
Given the clinical importance of the relationship between neurocognitive deficits and functional outcomes associated with schizophrenia (Green et al., 2000) and the debate as to whether neurocognitive impairment should be included as a part of a dimensional definition of schizophrenia (Keefe & Fenton, 2007) , we felt it critical to examine whether the relationship between psychopathology and neurocognitive function varied among individuals with disorders along the schizophrenia spectrum. Consistent with prior research (e.g., Nieuwenstein et al., 2001) , SCZ demonstrated inverse relationships between negative symptoms and performance in working memory, episodic memory and executive functioning. PMD demonstrated these same relationships between the severity of negative symptoms and neurocognitive function. Our results were also consistent with research reporting that individuals with schizophrenia demonstrated inverse relationships between disorganized symptoms and performance in all neurocognitive domains (e.g., Bozikas et al., 2004; Cameron et al., 2002) . Although the direction of these correlations were similar in PMD, the magnitude was somewhat smaller (though not significantly different) than in SCZ.
Thus, given that the structure of the relationships between neurocognition and psychopathology were similar across these diagnostic categories, these findings support the hypothesis that psychotic mood disorders are on a neurobiological continuum with schizophrenia. Furthermore, Robins and Guze (1970) suggested that "when consistent with a defined clinical picture" psychological testing can help validate a psychiatric classification. Given that neurocognitive deficits appear to be a common pathophysiology among SCZ and PMD, neurocognitive deficits and their relationship to psychopathology can assist in clarifying the psychosis continuum.
Our findings also have several implications that inform diagnosis, psychopharmacologic treatment, and illness pathophysiology. In accordance with Kendell & Jablensky (2002) , our finding that a similar relationship exists between psychopathology and neurocognition among individuals with schizophrenia and psychotic mood disorders suggests there may be continuous variation between disorders of psychosis, thus contrasting theory suggesting boundaries exist between related disorders. Hence, a dimensional approach to diagnosing schizophrenia and psychotic mood disorders warrants attention. The overlap in relationship between psychopathology and neurocognitive functioning may also contribute to misdiagnosis and inappropriate psychopharmalogic treatment (Lake, 2008) . For example, individuals with psychotic mood disorders (who are misdiagnosed with schizophrenia) would be at risk for receiving inadequate mood-stabilizing medication and developing neurotoxicity from higher doses of antipsychotic medication (Lake & Hurwitz, 2006) . The findings of this study also have implications for the pathophysiology of schizophrenia. Given that neurocognitive deficits in schizophrenia are related to structural and functional neuroabnormalities (Barch, 2005) and functional outcome , future research is needed to examine whether similar impairments exist in the pathophysiology of individuals with psychotic mood disorders.
There were several limitations to this study. First, the sample was highly selective as all participants agreed to participate in a study that required completion of extensive clinical and neurocognitive testing. Thus, it is possible that our results would not generalize to an unselected sample of SCZ and PMD. Second, all participants were medicated-the most obvious implication being that the psychopathology assessed was residual, and may have reflected the capacity of the participants to respond to treatment as well as the psychopathology associated with their disorders. However, similar findings may emerge in an unmedicated sample since prior research has found similar levels of neurocognitive impairment in medication naïve individuals with SCZ or PMD (Barch et al., 2003) . Third, the PMD sample is relatively small compared to our sample of SCZ. Finally, our sample did not include individuals with all psychotic disorder, in particular, major depressive disorder with psychotic features, and delusional disorder. Thus, our findings may be specific to the continuum between schizophrenia and psychotic mood disorders including schizoaffective disorder and bipolar disorder with psychotic features.
In conclusion, our findings provide evidence that individuals with schizophrenia and PMD share several clinical similarities such as age of onset, neurocognitive functioning, and severity of psychopathology. Furthermore, these results suggest that individuals with schizophrenia and psychotic mood disorders share a similar pattern in the relationship between neurocognitive impairment and psychopathology. Future research examining these relationships in a larger sample of individuals with psychotic mood disorders may shed further light on a dimensional definition of psychosis.
